Akt (protein kinase B (PKB)) is a serine/threonine kinase that acts in the phosphatidylinositol 3-kinase (PI3K)/Akt signaling pathway. The PI3K / Akt signaling pathway, triggered by growth factors and hormones including vasopressin, is an important pathway that is widely involved in cellular mechanisms regulating transcription, translation, cell growth and death, cell proliferation, migration, and cell cycles. In particular, Akt and Akt substrate protein of 160 kDa (AS160) are likely to participate in the trafficking of aquaporin-2 (AQP2) in the kidney collecting duct. In this study, we demonstrated that 1) small interfering RNA (siRNA)-mediated gene silencing of Akt1 significantly decreased Akt1 and phospho-AS160 protein expression; and 2) confocal laser scanning microscopy of AQP2 in mouse cortical collecting duct cells (M-1 cells) revealed AS160 knockdown by siRNA increased AQP2 expression in the plasma membrane compared with controls, despite the absence of dDAVP stimulation. Thus, the results suggest that PI3K/Akt pathways could play a role in AQP2 trafficking via the AS160 protein. . In turn, the phosphorylation of Akt catalyzes the kinase activity of Akt, resulting in the phosphorylation of downstream effector proteins.
. In turn, the phosphorylation of Akt catalyzes the kinase activity of Akt, resulting in the phosphorylation of downstream effector proteins.
The kinase activity of Akt is dependent on phosphorylation at T308 and S473. While T308 phosphorylation of Akt is catalyzed by PDK1, the phosphorylation of S473 in the hydrophobic motif of the C-terminal tail is mainly regulated by the mammalian target of rapamycin (mTOR) 3) . This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. . Akt1 is localized in the nucleus and the cytoplasm and translocated to the plasma membrane (PM) by stimulation.
Expression of Akt isoforms
Akt2 is colocalized with the mitochondria, while Akt3 is localized in both the nucleus and nuclear membrane 6) .
Trafficking of membrane protein by Akt signaling One of the well-known functions of Akt is to regulate glucose homeostasis. In Akt1-knockout mice, deletion of Akt1 inhibits the translocation of GLUT1 to the PM, and leads to reduced glucose uptake 10) . In muscle and fat cells, Akt and protein kinase C (PKC) are key signaling mediators of the PI3K pathway in the insulin-regulated transport of glucose into cells via glucose transporter GLUT4 11, 12) . It was reported that AS160 (Akt substrate of 160 kDa, originally named TBC1D4 of the TBC family, Tre-2/Bub2/cdc16) is a downstream mediator of Akt signaling during the process of GLUT4 trafficking 13) . AS160 contains a Rab GTPaseactivating protein (GAP) domain. It is proposed that Aktinduced phosphorylation of AS160 inhibits its GAP activity, leading to an increase in the active GTP-bound form of the AS160 target Rab proteins for vesicle trafficking 14) .
Therefore, AS160, a downstream effecter protein of Akt signaling, could contribute to the regulation of Rab proteins associated with intracellular vesicle trafficking, possibly for aquaporin-2 (AQP2) in the kidney collecting ducts. ; (5) Rab 10 also mediated the regulatory signaling of GLUT4 trafficking dependent on the Akt pathway [20] [21] [22] ; and (6) Rab 11 activation by Akt phosphorylation induced internalization and recycling of the insulin-like growth factor type-1 receptor and GLUT4 trafficking [23] [24] [25] .
Akt signaling-associated Rab proteins in membrane protein trafficking
Akt signaling and Akt-associated Rab proteins in AQP2 membrane trafficking
Akt signaling for regulation of AQP2 protein expression
AQP2 is the water channel protein expressed in the renal connecting tubule and collecting duct. Cell surface expression of AQP2 is regulated by arginine vasopressin (AVP) 26, 27) . Binding of vasopressin to vasopressin V2 receptor (V2R) in the basolateral PM stimulates adenylyl cyclase which converts ATP to cyclic AMP (cAMP). In turn, cAMP activates the protein kinase A (PKA) signaling pathway that is the major signaling pathway for AQP2
trafficking and up-regulation of AQP2 expression.
Recently, the Akt signaling pathway has been proposed to be another significant signaling pathway for regulation of AQP2 28) . Insulin, one of the most potent hormones for Akt activation, stimulates the PI3K/Akt pathway via insulin receptor and increased AQP2 expression in primary cultures of the inner medullary collecting duct (IMCD) cells of the rat kidney. Moreover, a recent study suggested that AVP stimulates PI3K/Akt signaling pathways 29) , by demonstrating that dDAVP stimulates Akt phosphorylation in rat kidney IMCD tubule suspension.
2. Akt-dependent signaling pathway for the regulation of AQP2 trafficking 
Results

Regulation of AQP2 expression in M-1 cells in response to dDAVP treatment
Immunofluorescence microscopy demonstrated that short-term dDAVP treatment (10 -8 M, 15 minutes) increased AQP2 labeling intensity in the PM of M-1 cells (arrows in Fig. 1B ), compared with vehicle-treated M-1 cells (Fig. 1A) .
Moreover, AQP2 expression (both deglycosylated ~28 kDa and glycosylated ~35-50 kDa bands) was significantly increased in response to 2 day-dDAVP (10 -8 M) treatment (130 ± 4% of vehicle-treated control levels, P < 0.05), compared with either vehicle (100 ± 7%) or 1 day-dDAVP Fig. 2A and 2B) . Importantly, AQP2 protein expression was unchanged (116 ± 2%, not significant) in response to Akt1 knockdown ( Fig.   2C and 2D) . 
Decreased phospho-AS160 expression in M-1 cells with Akt1 knockdown
One more set of Akt1 knockdown [Akt1 expression: 12 ± 2% of control levels (non-targeting siRNA-transfected M-1 cells), P < 0.05, data not shown)] was made. Akt1 knockdown was associated with unchanged or marginally increased total AS160 expression (vehicle-treated group:
128 ± 7%, P = 0.054 and short-term dDAVP-treated group, 10 -8 M, 10 minutes, 138 ± 9%, P < 0.05, Fig. 3A and 3B). Importantly, the expression of phospho-AS160
was unchanged indicated by an arrow in Fig. 3A , and hence, the phospho-AS160 values normalized to the total AS160 protein values were markedly decreased (Fig. 3C ). were randomly selected (asterisk in A) and total pixel intensity of the plasma membrane (PM) (C) and whole cell (both PM and cytosol except nucleus, D) were acquired respectively from the selected cells (B). E and F) AQP2 labeling in M-1 cells transfected with Con-small interfering RNA (Con-siRNA) or AS160-siRNA. G) The ratio of total pixel intensity in the PM to that of the whole cell (ratio of PM/Total) was calculated from randomly selected M-1 cells and averaged in each group. N, nucleus; n = number of cells randomly chosen and examined in each group. *P < 0.05 when compared to Con-siRNA. Bar, 10 µm.
